Objective: To identify the technical considerations in implementing a barcode-based medication system and propose practical solutions for successful implementation of the system. In order to reduce medical errors related to medication and blood transfusion, we analyze various factors that hinder the successful implementation of the barcode-based medication system and discuss issues involved in the effective adoption of such a system. Methods: The barcode-based medication system of this research uses one-dimensional, barcode bands on patients' wrists and two-dimensional barcodes attached to drug bags and blood bags. PDAs with barcode reading capability and wireless networking function are used, which enables Point of Care.
. Previous studies on preventing medication errors.
I. Introduction
As is well-known, human is prone to err 1) . It is a common phenomenon that medication errors take place in hospitals 2) . However, the results of the medication errors occurring everyday in the world are so harmful and fatal to patients that sometimes they may lead the patients to death 3) . Although the researches on medication errors have been performed by pharmacists for about 40 years and it has been reported that the effects of medication errors are much more serious than we realize, it do not draw sufficient attention 4) .
In 1984, Harvard Medical Practice Study (MPS) addressed that 3.7 of every 100 inpatients were suffered from iatrogenic mishaps. These injuries were most commonly related to medication use (19.4%). Although these results were reported in early 1990s and additional researches were performed in Colorado and Utah, the importance of medication errors did not draw much attention until Institute of Medicine (IOM) published that iatrogenic events resulted in 44,000-98,000 deaths and 13 millions injuries every year in United States 5) . It is estimated that the costs of treating healthcare errors would be about 3 billion per year in United States.
However, hospitals were not actively adopting Infor- .
In a survey on nurses' recognition and experience of medication errors in Korea, it was also revealed that most medical errors were related to medication administration. The other errors include giving wrong drugs to patients, over-dosage and wrong medication route to the prescription, and administrating drugs over the term of validity 9) . .
Actually, Concord Hospital in New Hampshire revealed that a barcode-based medication system reduced administration error up to 80% 5) .
Dzik suggested that advanced technologies should be used to improve patient safety and healthcare professionals such as physician and nurses who utilize the systems for reducing errors should devote themselves to reducing errors 6) .
There have been 3 types of previous studies related to medication errors including transfusion. They are illustrated in Figure 1 . The first type is a research on methods for reducing errors occurring during the dispensing process at the pharmacy, which was performed by Poon et al. 15) . The second type is a research on methods for reducing medication errors by checking identification of patients and drug bags at the bed-side, which was performed by Sun, Wang, and Wu 
II. Materials and Methods

Study site and period
To improve patient safety, a barcode-based medi- 
Architecture of the barcode-based medication system
The barcode-based medication system can be divided into two sections: the ward side or bed-side where patients are located and the server room where server machines are placed (Refer to Fig. 2 ). In the wards, patients are wearing a wristband containing their identification information, and drug bags and blood bags are labeled with barcodes. When nurses scan barcode information using a PDA, it sends the information acquired from the barcode to the server located at the server room through a wireless Access Point (AP). Then the server checks the legacy database containing the information prescribed by a physician, and returns the results to the PDA.
Adopted technologies
The hospital had to decide which identification technology would be adopted before implementing the system. Although RFID provides several benefits such that it can store large information and it is easy to read and write data, it has critical problems in order to be adopted in healthcare environments. First of all, although there have been continuous improvement, its recognition rate are still under 95%. In addition, it costs much more than barcode-based systems [11] [12] [13] . Especially, the recognition rate of target objects containing metals or liquid components degrades drastically. Therefore, the hospital adopted the barcode technology as an identification method for the medication system for patient safety.
Patients' wrist bands are used for identifying patients, and simple one-dimensional barcodes are attached to the bands. Two-dimensional barcodes are attached to drug packages and blood bags because they can contain large size data prescribed by a physician.
When a patient is admitted to a ward, he or she receives a wristband with a one-dimensional barcode from the department of patient affair. Barcodes are attached to anti-cancer drug bags at the pharmacy when they are dispensed by a pharmacist.
Blood bags for transfusion are also labeled with a barcode by a phlebotomist at the blood bank. Although a two-dimensional barcode can store up to 2,000 bytes 14) , the hospital uses only 32 bytes. 
Business flow
The business flow of the barcode-based medication system is illustrated in Figure 5 . As mentioned before, 
III. Results
Implementation results of the system
The hospital issues about 1.5 million prescriptions for inpatients administration every month. The number of prescriptions relating to anti-cancer drugs and transfusion, to which the barcode-based medication system is applied, is about 30,000. It accounts for about 2% of whole prescriptions in the hospital. The system was deployed to 14 wards during the pilot period. The rate of applying the developed medication system to anticancer drugs and transfusion in prescribing orders at those wards were about 85% and 10% respectively. Figure 7 illustrates the system usage rate during the pilot period. From April to July 2009, the rate of barcode reading using the system before providing anticancer drugs to patients has been increased from 68%
to 81%. In case of transfusion, it has been increased from 65% to 77%. 
Failure cases analysis
A help desk which holds specialized staffs in receiving and recording failure cases has been established in order to receive all the failures from users. All the failure cases collected by the help desk have been analyzed and major causes inducing such failures have been identified and categorized into several major types. 
IV. Discussion
As we found in the previous researches, the efforts . Therefore, it is very important to make users be assured of the system and adopt it actively.
It is very hard to exactly estimate return on investment (ROI) of the barcode-base medication system.
However, we believe the system is definitely providing an essential benefit concerning reducing medication er- 
